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(54) Electric power cables 
incorporating optical 
transmission elements 



(57) In an electric power cable 
including a plurality of insulated 
conducting cores and one or more 
optical transmission elements, each 
optical transmission element consists 
of one or more optical fibre waveguide 



units 56 helically coiled around a 
mandrel 57 which may be an additional 
insulated conducting core. Each optical 
fibre unit consists of a single optical 
fibre with a protective resin coating and 
containined within a tube 58 of high 
tensile modulus polymeric material 
such as amorphous nylon, polyester, or 
a fluoropolymer, the tube being either 
loosely fitting around a coated fibre, or 
tightly fitting over a buffer coated fibre. 

Optical transmission elements of this 
form are especially suitable for power 
cables designed for use in arduous 
environments, such as mine trailing 
cables, the helical winding of the fibre 
units allowing the cable to be strained 
to a considerable extent without the 
fibres being subjected to strain. Several 
mine cable constructions are described. 
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FIG .4. ORIGINAL INSPECTED 



SPECIFICATION 

Electric power cables incorporating optical trans- 
nnission elements 

5 

This invention relates to cables of the type incor- 
porating, within a common sheath, electrical conduc- 
tors for the transmission of electrical power, and one 
or more optical fibre waveguides for the transmis- 
10 sion of communication signals. 

The invention is especially, but not exculsively, 
concerned with the incorporation of optical com- 
munication links in electric power cables designed 
for use in arduous environments in which they are 
1 5 liable to be subjected to a considerable amount of 
stress and/or movement, for example trailing cables 
such as those employed in coal mines for supplying 
power to the cutters at the coal face. Cables emp- 
loyed under such conditions are liable to undergo 
20 considerable strain, and damage in the form of 

crushing and tearing of the cable sheath, and trailing 
ables are required to possess a high degree of flex- 
ibility as well as being sufficiently robust to with- 
stand such strain. When it is desired to incorporate 
25 optical fibre waveguides in such a cable, problems 
arise not only in protecting the fibres from mechani- 
cal damage, but also in ensuring that they will not be 
subjected to a degree of strain which would appreci- 
ably increase the optical attenuation in operation of 
30 the waveguides. 

It is an object of the present invention to provide a 
cable incorporating electrical power conductors and 
one or more optical fibre waveguides, which cable is 
so constructed that under conditions of use involv- 
35 ing stretching, flexing, and possibly crushing of the 
cable, the optical fibre or fibres will be protected 
against damage and will undergo little or no strain. 

According to the invention, in an electric power 
cable including a plurality of electrical conductor 
40 elements and at least one optical transmission ele- 
nent, all of which elements are surrounded by or 
embedded in a common sheath of elastomeric mat- 
erial, the optical transmission element, or each opti- 
cal transmission element, consists of one or more 
45 optical fibre waveguide units helically coiled around 
a mandrel, with means for holding said unit or units 
in position on the mandrel, each said unit being 
composed of a single optical fibre having an adher- 
ent protective coating of synthetic polymeric mater- 
50 iai and contained within an outer tube formed of 
synthetic polymeric material having a high tensile 
modulus such thatthe tube is resistant to crushing 
and stretching. 
An "electrical conductor element", as referred to 
55 herein, consists of an electrically conducting core, 
preferably of stranded form, surrounded by a closely 
fitting jacket composed of a layer of insulating mat- 
erial and any additional layer or layers which may be 
required, such as metal-containing earth screening 
60 layer in the case of a power core, and/or a layer of 
elastomeric material to build up the element to the 
require overall diameter. If desired, an additional 
insulated stranded conducting core may be incorpo- 
rated in an optical transmission element, or in each 
65 optical transmission element, forming the mandrel 



on which the optical fibre unit or units Is or are 
wound. Each optical transmission element may also, 
if required, be surrounded by an elastomeric build- 
up layer. 

70 An optical transmission element may be located 
along the axial region of the cable, or may be 
included with conductor elements arranged around 
a central member, or optical transmission elements 
may be located in both of such positions in a single 

75 cable. In the preferred cable construction a plurality 
of conductor elements, with or without one or more 
optical transmission elements, are helically twisted 
around a member disposed along the axial region of 
the cable, which member may be a conductor, with 

80 or without a jacket as aforesaid, or an optical trans- 
mission element, or an elastomeric body. The helical 
arrangement of the elements around the axial 
member promotes flexibility of the cable while 
reducing strain in use. These effects are enhanced if, 

85 as is preferred, each of the conducting cores is com- 
posed of a helically stranded assembly of wires. 

The interstices between the elements are prefer- 
ably filled either with the material of the cable sheath 
or with suitable packing material, preferably elas- 

90 tomeric, to form a robust, crush-resistant structure. 
In some cases, a semiconducting elastomer, for 
example carbon-loaded rubber, may be employed as 
at least part of the interstitial material, and/or as an 
outer layer of the jackets of the elements, in substltu- 

95 tion for a metallic screening layer or as a build-up 
layer. The elastomeric materials employed in the 
construction of the cable, for forming the cable 
sheath, jackets and build-up layers of the elements, 
packing material, and axial elastomeric body if 

1 00 required, are preferably vulcanised natural or synth- 
etic rubbers. 

in each optical fibre waveguide unit, the protective 
coating on the optical fibre may consist of a rela- 
tively hard synthetic polymeric material, for example 

105 polyurethane resin, preferably containing a filler 

such as carbon powder, and a fibre so coated may be 
loosely disposed within an extruded outer tube. The 
term "loosely", in this context is to be understood to 
mean that the bore of the tube is of sufficiently large 

1 1 0 cross-section to permit freedom of movement of the 
coated fibre within it in both radial and axial direc- 
tions; such loose containment of the fibre is advan- 
tageous in that it reduces optical losses, due to mic- 
robending, in operation of the waveguide. If desired, 

1 1 5 the outer tube may be filled with fluid, preferably a 
thixotropic fluid, which in the unstressed, viscous 
state acts as a cushion minimising the effect on the 
fibre of any external forces applied to the tube, and 
which in the condition of reduced viscosity resulting 

120 from applied stress permits rapid movement of the 
fibre within the fluid to take up a position of 
minimum strain within the tube. Also if desired, the 
tube may be reinforced with elongate strength 
members, for example composed of steel wire, silica 

125 fibres, or aromatic polyamide yarns, embedded in 
the tube walls. 

In an alternative form of optical fibre waveguide 
unit, suitable for use in the cable of the invention, the 
protective coating on the optical fibre consists of or 

130 includes a buffer coat of a relatively soft polymeric 



• fibre unit or units in position on the mandrel, so that 
the unit or units will not be dislodged d'^torted 
during the extrusion of an elastomeric build-up layer 
or the cable sheath around the optical transmission 

5 element. Such holding means may consist, for 
example, of an adhesive, or a helical 9;°°^^ 
mandrel surface, or a covering sleeve formed either 
by winding a suitable tape around the element or by 
extruding a tube of elastomeric material over the 

\0 element. If a tape sleeve is used it should not be so 
tightly wound as to retrain the optical fibre unit or 
units too firmly to permit elongation of the tube helix 

or helices. . 
Some specific forms of cable in accordance with 

1 5 the invention will now be described by way of 

example, with reference to the accompanying diag- 
rammatic drawings, in which 

Figures 1 , 2, 3 and 4 respectively show, in cross- 
section, different forms of trailing cable for use in 
20 coal mines, and . 

Figure 5 is a longitudinal part-sectional view of a 
portion of an optical transmission element of the 
form incorporated in any of the cables of Figures 1 to 

25 ^' The cable shown in Figure 1 includes three electri- 
cal conductor elements 1 , 2. 3 and an optical trans- 
mission element 4 incorporating a further electncal 
conductor, these four elements being helically 
twisted around a bundle of wires 5 which constitutes 
30 an earth conductor and Is disposed along the axial 
region of the cable. The structure so formed is 
encased in a sheath 6 of elastomeric matenal. Each 
of the elements 1 , 2 and 3 consists of a power core 7 
composed of a helically twisted assembly of a plural- 
35 ity of helically inter-twisted bundles of wires. 

covered by an inner layer 8 of elastomeric insulating 
material and an outer layer 9 of braid Incorporating 
wire strands to form an earth screen. The optical 
transmission element 4 includes four optical fibre 
40 units each consisting of a single resin-coated optical 
fibre 10 loosely disposed in a tube 1 1 of nylon having 
a tensile modulus of 2.8 giga pascals; these units are 
helically coiled around a mandrel consisting of a 
pilot core 12 formed of helically twisted bundles of 
45 wires, with a covering layer 13 of elastomeric insulat- 
ing material: the pilot core is of the same construc- 
tion as, but of smaller diameter than, the power 
cores 7. The optical fibre units are convered by a 
sleeve 14, which may be a winding of tape formed of 
50 resin-impregnated textile fabric or of polyester 
sheet, or may be an extruded tube of elastomenc 
material, and the sleeve is covered by a further layer 
1 5 of elastomeric material, to build up the element to 
a diameter equal to that of the elements 1, 2 and 3. 
55 In a specific example of a cable of the form shown 
in Figure 1, the cores 7 and 12 and the earth conduc- 
tor 5 are all composed of fine tinned copper wires, 
the insulating layers 8 and 13 consist of ethylene- 
propylene rubber or chloro-sulphonated 
60 polyethylene, the build-up layer 1 5 and the sheath 6 
consist of polychloroprene, and the braid forming 
layers 9 is composed of tinned copper wires and 
nylon filaments, all the elastomeric materials being 
vulcanised. 

65 In the cable shown in Figure 2. an optical trans- 



mission element 16 is disposed along the axial reg- 
ion of the cable and is surrounded by a helically 
inter-twisted assembly of five electrical conductor 
elements 17 to 21 inclusive, the whole structure 
70 being embedded in an elastomeric sheath 22. Each 
of the elements 17, 18 and 19 consists of a power 
core 23 covered by a layer 24 of elastomeric insula- 
tion, and braid 25 incorporating a metallic earth 
screen. The element 20 consists of a pilot core 26 
75 covered by a layer 27 of elastomeric insulation and a 
further build-up layer 28 of elastomeric matenal. The 
element 21 consists of an earth core 29 covered by 
an elastomeric insulating layerSO andan elas- 
tomeric build-up layer 31. The cores of all these ele- 
80 ments are composed of wires, for example of tinned 
copper, and are of similar construction to the con- 
ducting cores described above with reference to Fig- 
ure 1 ; the insulating layers, build-up layers, braid 
and sheath may be composed of the same materials 
85 as the corresponding layers described in the above 
specific example with reference to Figure 1. 

The optical transmission element 16 of Figure 2 
includes four optical fibre units 32 of the form 
described with reference to Figure 1, helically coiled 
90 around a mandrel 33. which may be formed wholly 
of elastomeric material or may incorporate a con- 
ducting core if desired, and covered by a sleeve 34 
formed of resin-impregnated fabric tape, polyester 
tape, or an extruded tube of elastomeric material. 
95 The interstices between the said sleeve and the elec- 
trical conductor elements 17 to 21 are filled with 
suitable packing material 35, which is preferably 
elastomeric. _ 
The cable shown in Figure 3 again consists of five 
100 elements helically twisted around an axial member 
36 which is suitably formed of a natural or synthetic 
rubber or may. if desired, be an additional insulated 
conductor core, the whole structure being embed- 
ded in an elastomeric sheath 37. The intertwisted 
105 elements consist of three insulated power cores 38, 
39, 40. of the same construction as the elements 17, 
18'and 19 in Figure 2. an insulated earth core 41 of 
the same construction as the element 21 in Figure 2, 
and an optical transmission element 42 of the same 
110 construction as the element 4 in Figure 1, incorporat- 
ing an insulated pilot core 43 as the mandrel. The 
materials of the core covering layers and the sheath 
may be the same as those described with reference 
to Figure 1, and all the cores are formed of intert- 
1 1 5 wisted assemblies of tinned copper wi res. 

The cable shown in Figure 4 comprises an axially 
disposed earth conductor 44, surrounded by a heli- 
cally twisted assembly of three electrical conductor 
elements 45, 46. 47 and an optical transmission ele- 
120 ment48. Each of the elements 45,46 and 47 consists 
of a power core 49 jacketed with a layer 50 of elas- 
tomeric insulation, suitably ethylene-propylene rub- 
ber of chloro-sulphonated polyethylene, and an 
outer layer 51 of semiconducting elastomer. The 
125 optical transmission element 48 is of similar con- 
struction to that of the element 4 of Figure 1 , the 
mandrel being an insulated pilot core 52. but the 
element has an outer covering layer 53 semicon- 
ducting elastomer. The elements 45. 46, 47 and 48 
130 are partially embedded in a semiconducting cradle 



: re^in-coated optical fibre loosely {as hereinbefore 
deTined) disposed in an extruded outer tube. 

8. A cable according to Claim 7, wherein the said 
outer tube of each optical fibre unit is filled with a 

5 thixotropic fluid. 

9. A cable according to any of the preceding 
Claims 1 to 6, wherein the protective coating on the 
optical fibre in each said optical fibre unit consists of 
or includes a buffer coat of silicone resin, and the 

10 said outer tube of each said unit is a tightly fitting 
jacket extruded overthe said protective coating. 

10. A cable according to any preceding Claim, 
wherein the said outer tube of each optical fibre unit 
is composed of amorphous nylon, or of a melt- 

15 processable polyester, or of a fluoropolymer. 

11. A cable according to any preceding Claim, 
which includes a said optical transmission element 
wherein the mandrel is composed of stranded wires. 

12. A cable according to any preceding Claim, 
20 which includes a said optical transmission element 

wherein the mandrel consists of an insulated 
•anded conducting core. 

13. A cable according to any preceding Claim, 
which includes a said optical transmission element 

25 wherein the mandrel is composed of non-metallic 
material which is flexible and capable of elongation. 

14. A cable according to any preceding Claim, 
wherein the said means for holding the said optical 
fibre unit or units in position on the mandrel is an 

30 adhesive, 

15. A cable according to any of the preceding 
Claims 1 to 13, wherein the said means for holding 
the optical fibre unit or units in position on the man- 
drel consists of a helical groove or grooves in the 

35 mandrel surface. 

16. A cable according to any of the preceding 
Claims 1 to 13, wherein the said means for holding 
the optical fibre unit or units in position on the man- 
drel is a sleeve composed of a winding of tape or an 

40 extruded tube of elastomeric material. 

17. A cable according to Claim 1, substantially as 
ohown in, and as hereinbefore described with refer- 
ence to, any one of Figu res 1 , 2, 3 and 4 of the 
accompanying drawings, incorporating an optical 

45 transmission element substantially as shown in and 
hereinbefore described with reference to Figure 5 of 
the said drawings. 

18. A cable according to Claim 17, with the nnod- 
ification that, in each optical fibre unit of the optical 

50 transmission element, the said tube in which the 
resin-coated optical fibre is loosely dispersed in fil- 
led with a thixotropic fluid consisting of a colloidal 
suspension of silica powder in silicone oil. 

19. A cable according to Claim 17, with the mod- 
55 ification that each optical fibre unit in the optical 

transmission element consists of a silica-based opti- 
cal fibre having an adherent buffer coat of silicone 
resin from 30 to 60 microns thick, and a tightly fitting 
outer jacket of polyester resin extruded over the said 
30 buffer coat. 
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